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(54) COVERING FORMATION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To maintain permittivity at 
a low value when forming an interlayer insulation film by 
baking SOGs. 

SOLUTION: When a plate-shaped object W to be 
treated, where a paint film is formed on a surface, is 
carried into a device, an elevation means 3 is lowered to 
bring the plate-shaped object W to be treated closer to 
a cool plate 2. Further, an N2 gas is introduced into the 
device, and oxygen concentration in an atmosphere is 
set to 1% or lower, before the surface temperature of 
the plate-shaped object W to be treated reaches 200° 
C. Then, while the oxygen concentration is maintained to 
be 1% or lower, the elevation means 3 is lowered to bring 
the plate-shaped object W to be treated closer to a hot 
plate 1 for heating, until the surface temperature of the 
plate-shaped object W to be treated reaches 400° C or 
higher. Then, after the state is maintained for specific 
time, temperature is decreased. At this time, until the 
surface temperature of the plate-shaped object W to be 
treated decreases to 200° C, the oxygen concentration in an atmosphere is 
1 % or lower. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A low dielectric constant ingredient is applied to the front face of tabular processed 
materials, such as a semiconductor wafer and a glass substrate. Before the skin temperature of 
said tabular processed material rises to 200 degrees C, the oxygen density in an ambient 
atmosphere is reduced to 1% or less. Then, the coat formation approach characterized by 
maintaining the oxygen density in an ambient atmosphere to 1% or less until it heats until the 
skin temperature of a tabular processed material becomes 400 degrees C or more, maintaining 
an oxygen density to 1% or less, and the skin temperature of said tabular processed material 
lowers the temperature subsequently to 200 degrees C. 

[Claim 2] The coat formation approach characterized by making the oxygen density in an 
ambient atmosphere 1% or less by purging N2 gas in the coat formation approach according to 
claim 1. 

[Claim 3] It is the coat formation approach characterized by performing this coat formation 
approach in one BEKU furnace in the coat formation approach according to claim 1, arranging a 
cool plate in the upper part in this BEKU furnace at a hot plate and the lower part, and a tabular 
processed material being made to approach alternatively with a rise-and-fall means by either 
said hot plate and the cool plate. 

[Claim 4] the coat formation approach given in any 1 term of claim 1 thru/or claim 3 — setting - 
- this coat formation approach — DAMASHIN — the coat formation approach characterized by 
being applied to formation of the interlayer insulation film in law. 



[Translation done.] 
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* NOTICES * ■ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of forming a coat in front faces, 

such as a semiconductor wafer and a glass substrate. 

[0002] 

[Description of the Prior Art] The demand about high integration of a semiconductor device is 
increasing increasingly, and gate length is rushing into 0.15-micrometer generation. As a wiring 
material in this case, it turns out that the direction which used Cu can aim at improvement in a 
semiconductor device property at the following points instead of conventional aluminum. That is, 
Cu can be excellent in EM (electromigration) resistance compared with aluminum, can reduce the 
signal delay by wiring resistance for low resistance, can ease the possibility of use of high 
current density, i.e., an allowable-current consistency, 3 or more times, and can carry out 
[ detailed ]Hzing of the wiring width of face. 

[0003] however — as the approach of realizing the multilayer interconnection of Cu without 
etching Cu since control of an etching rate is difficult for Cu compared with aluminum — copper 
DAMASHIN (inlaid work) — law attracts attention. 

[0004] drawin g 1 — being based — copper DAMASHIN — law is explained. First, as shown in 
drawing 1 (a), the interlayer insulation film which consists of Si02 formed by the CVD method on 
a substrate, SOG, etc. is formed. As the resist mask besides patternized is prepared and removal 
of an alternative etching and resist mask shows to this drawing (b) As a barrier metal is made to 
deposit and it is shown in this drawing (d) so that a wiring gutter may be formed and may be 
shown subsequently to this drawing (c) After embedding Cu with electrolysis plating etc. to a 
wiring gutter, forming lower layer wiring and performing polish of the barrier metal by CMP 
(chemical polishing), and Cu, as shown in this drawing (e), an interlayer insulation film is again 
formed on this. As an interlayer insulation film is etched alternatively and shown in this drawing 
(f) like the following through the resist mask which carried out pattern formation As a beer hall 
(contact hole) and a trench hole (slot for the upper wiring) are formed in this interlayer insulation 
film (dual DAMASHIN) and it is shown in this drawing (g) He embeds Cu in a beer hall and the 
slot for the upper wiring, and is trying to form the upper wiring in them with electrolysis plating 
etc., as a barrier metal is made to deposit on the groove face these beer halls and for the upper 
wiring and it is shown in this drawing (h). 

[0005] it described above — as — copper DAMASHIN — when forming a multilayer 
interconnection by law, it becomes indispensable requirements in detailed-izing to raise the 
aspect ratio (height/width of face) of a beer hall, and low dielectric constant-ization of an 
interlayer insulation film serves as conditions at this detailed-ization. 
[0006] 

[Problem(s) to be Solved by the Invention] Then, use organic [ with a low (epsilon= 3.5 or less) 
dielectric constant ] or inorganic [ SOG ] is considered, however, such SOG — using — copper 
DAMASHIN — even if it forms a multilayer interconnection by law, after multilayer- 
interconnection formation will become higher than the dielectric constant which the dielectric 
constant of this SOG originally has. 
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[0007] ■ ' _ 

[Means for Solving the Problem] this invention person etc. did the knowledge of Si-CH3 
association (CH3 being an example) going out in a case organic [ SOG ], and having become Si- 
OH at it, Si-H association going out in a case inorganic [ SOG ], and having become it with Si- 
OH about the above-mentioned cause, and originating in a structural change of this interlayer 
insulation film, and the dielectric constant being high. 

[0008] Furthermore, this invention person etc. repeated the experiment, and when the oxygen 
density at the time of BEKU was 1% or less, film decrease carried out knowledge also about 
there being nothing, and Si-CH3 association and Si-H coupling going out, and becoming Si-OH 
being 200 degrees C or more to which reactivity becomes high **********. 

[0009] This invention is made based on the above-mentioned knowledge. The configuration A low 
dielectric constant ingredient is applied to the front face of tabular processed materials, such as 
a semiconductor wafer and a glass substrate. Before the skin temperature of said tabular 
processed material rises to 200 degrees C, the oxygen density in an ambient atmosphere is 
reduced to 1% or less. Then, it heated until the skin temperature of a tabular processed material 
became 400 degrees C or more, maintaining an oxygen density to 1% or less, and the oxygen 
density in an ambient atmosphere was maintained to 1% or less until the skin temperature of said 
tabular processed material lowered the temperature subsequently to 200 degrees C. 
[0010] As a means which makes the oxygen density in the above-mentioned ambient 
atmosphere 1% or less, it is possible to purge N2 gas. 

[001 1] Moreover, as for the coat formation approach concerning this invention, it is desirable to 
perform that a cool plate is arranged in the upper part at a hot plate and the lower part, and a 
tabular processed material is made to approach alternatively with a rise-and-fall means by either 
said hot plate and the cool plate in one BEKU furnace made possible. Thus, although the 
miniaturization of a processing unit can be attained by carrying out in one BEKU furnace, it may 
divide into a heat chamber and a cooling room, and the equipment which connected these with 
the load lock may be used. 

[0012] In addition, although it carries out suitable [ of this invention ] to formation of the 

interlayer insulation film in the DAMASHIN method, it is not limited to this. 

[0013] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained based on an 
accompanying drawing below. Drawing 2 is the outline block diagram of the equipment which 
carries out this invention, and a rise-and-fall means 3 to penetrate a hot plate (BEKU plate) 1 in 
the upper part, to penetrate the cool plate 2 and this cool plate 2 in the lower part in this 
equipment, and to make the tabular processed material W move vertically is established. Here, as 
a tabular processed material W, a semi-conductor substrate, a glass substrate, a metal plate, a 
ceramic substrate, etc. are mentioned. 

[0014] In addition, although illustration has not been carried out to this equipment, the gas 
exhaust pipe which discharges the controlled atmosphere in the gas supply line which the 
window part in which the closing motion for taking the tabular processed material W in and out is 
free is prepared, and supplies controlled atmospheres, such as N2 gas, in equipment, and 
equipment is connected. 

[001 5] In order to form a coat in the front face of the tabular processed material W using the 
equipment of a more than, the tabular processed material W with which the paint film of a non- 
calcinated low dielectric constant ingredient was formed in the front face is carried in in 
equipment. Here, in order to apply coating liquid on the tabular processed material W by the 
spinner method, the roll coater method, the immersion Czochralski method, the spray method, 
screen printing, brush painting, etc. and to disperse a solvent as the formation approach of the 
paint film of a low dielectric constant ingredient, it is made to dry, and a paint film is formed. 
[0016] As an interlayer insulation film, it is desirable that it is 3.5 or less dielectric constant. 
Organic [ SOG ] and inorganic [ SOG ] are mentioned as coating liquid with which such film is 
formed. 8-20 atomic-weight % As organic [ the / SOG ], organic [ of 5 - 25 atomic-weight % / 
SOG ] is suitable, and has a carbon content as a desirable carbon content, for example. Here, it 
is the scale which shows the rate of the organic radical in organic [ SOG ], and in detail, a 
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carbon content is theoretically computed from the" reacting weight of the alkoxysilane compound 
which prepares the coating liquid for organic SOG formation, and is the rate of carbon atomic 
weight to the atomic-weight sum total of the total element- If a carbon content is smaller than 
the above-mentioned range, in [ that there are few organic components ] elapsing, being unable 
to carry out [ thick film ]Hzing and becoming easy to produce a crack, the advantage of organic 
SOG original of a low dielectric constant will be lost. Moreover, if many [ too ], the lack of 
adhesion with a barrier metal layer happens and is not desirable. 

[0017] In order to obtain the coat which has the above-mentioned carbon content, the coating 
liquid which comes to contain the compound which hydrolyzes the alkoxysilane compound 
containing at least one sort chosen from the alkoxysilane compound expressed with the following 
formulas (I) in an organic solvent and under an acid catalyst, and is obtained by carrying out a 
condensation reaction is desirable. 
General formula RnSi(OR1)4-n (I) 

(However, R in a general formula (I) is the alkyl group of carbon numbers 1-4, and an aryl group, 
the carbon number of R1 is the alkyl group of 1-4, and n is the integer of 1-2.) 
[0018] As an example of a compound expressed with the above-mentioned general formula (I) In 
(b) n= 1, monomethyl trimethoxysilane, monomethyl triethoxysilane, A monomethyl tripropoxy 
silane, monoethyl trimethoxysilane, Monoethyl triethoxysilane, a monoethyl tripropoxy silane, 
Monoalkyl trialkoxysilane, such as a monopropyl TORITORI methoxy silane and monopropyl 
triethoxysilane, In the case of monophenyl trialkoxysilane (b)s n= 2, such as monophenyl 
trimethoxysilane and monophenyl triethoxysilane Dimethyl dimethoxysilane, dimethyl 
diethoxysilane, a dimethyl dipropoxy silane, Diethyl dimethoxysilane, diethyl diethoxysilane, a 
diethyl dipropoxy silane, Diphenyl dialkoxy silanes, such as dialkyl dialkoxy silanes, such as a 
dipropyl JIJIMETOKI gardenia fruit run, dipropyl diethoxysilane, and a dipropyl dipropoxy silane, 
diphenyl dimethoxysilane, and diphenyl diethoxysilane, are mentioned. It is required to use at 
least one sort of of these (b)s and (b)s. 

[0019] It is also effective to use tetra-alkoxysilane, such as a tetra-ethoxy silane, the case of n= 
0, i.e., the tetramethoxy (Ha) silane, of the compound expressed with the above-mentioned 
general formula (I), tetra-propoxysilane, and tetra-butoxysilane, etc. as other components which 
can carry out copolycondensation to these (**)s and (**) by request. Compounds practically 
desirable in these are a tetramethoxy silane, a tetra-ethoxy silane, monomethyl trimethoxysilane, 
monomethyl triethoxysilane, dimethyl dimethoxysilane, and dimethyl diethoxysilane. 
[0020] One sort of these alkoxysilane compounds may be used and they may be used two or 
more sorts. When two sorts, (**) and (Ha), are combined, or when three sorts, (**), (**), and 
(Ha), are combined, specifically, a (b) independent case is suitable. The reaction mole ratio in 
that case is excellent [ which comes to contain the hydrolysis copolycondensation object which 
2-4 mols are made to react in an organic solvent and under an acid catalyst preferably 2-6 mols 
of (b) monoalkyl trialkoxysilane and is obtained ] in adhesion with a substrate layer to one mol of 
tetra-(Ha) alkoxysilane, and desirable, when combining two sorts, (**) and (Ha). 
[0021] moreover, the case where three sorts, (**), (**), and (Ha), are combined — (**) — it is 
excellent [ which comes to contain the hydrolysis copolycondensation object which 0.5-3.0 mols 
are made to react / 0.5-4 mols of tetra-alkoxysilane / in an organic solvent and under an acid 
catalyst preferably to one mol (Ha) of dialkyl dialkoxy silanes 1.0-3.0 mols and 0.5-4 mols of (b) 
monoalkyl trialkoxysilane, and is obtained ] in adhesion with a substrate layer, and desirable. 
[0022] Moreover, the hydrolysis condensate of a ladder mold is easy to be obtained, and this 
ladder mold is desirable in a (b) monoalkyl trialkoxysilane independent case, in order to form the 
film of most a low dielectric constant in organic or inorganic [ SOG ]. Hydrolyzate may be 
perfect hydrolyzate and may be a partial hydrolysate. It is desirable a 1.0 to 10.0 time mol and to 
make it react at a rate of a mol 1 .5 to 8.0 times preferably suitably to the total quantity of one 
mol of the alkoxysilane compound generally expressed with said general formula with the 
property of the organic SOG coat which can adjust whenever [ hydrolysis ] with the addition of 
water and is made into the purpose, although what is necessary is just to adjust the addition of 
water. If too fewer than this range, whenever [ hydrolysis ] will become low, and since coat 
formation is difficult, it is not desirable. Moreover, since a lifting and the preservation stability to 
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like will worsen gelation if many [ too ], it is riot desirable. 

[0023] moreover, the organic acid currently conventionally used idiomatically as an acid catalyst 
and an inorganic acid — all can be used. As an organic acid, organic carboxylic acids, such as an 
acetic acid, a propionic acid, and butanoic acid, are mentioned. As an inorganic acid, inorganic 
acids, such as a hydrochloric acid, a nitric acid, a sulfuric acid, and phosphoric acid, are 
mentioned. 

[0024] In this case, an acid catalyst is added, or water is mixed with an acid, and it is made to 
hydrolyze as an acid water solution so that 1-1,000 ppm of concentration of the acid in coating 
liquid may become the range of 5-500 ppm preferably about an acid catalyst. A hydrolysis 
reaction is usually completed in about 5-100 hours. Moreover, a reaction can also be made to 
complete by short reaction time by making an acid-catalyst water solution trickle and react to 
the organic solvent containing an alkoxysilane compound from a room temperature at the heating 
temperature which does not exceed 80 degrees C. Thus, the hydrolyzed alkoxysilane compound 
will occur a condensation reaction, consequently will have coat organization potency. 
[0025] The organic solvent currently used idiomatically conventionally can be used as an organic 
solvent. As such a thing, methyl alcohol, ethyl alcohol, propyl alcohol, Monohydric alcohol like 
butyl alcohol, ethylene glycol, a diethylene glycol, Polyhydric alcohol like propylene glycol, 
ethylene glycol monomethyl ether, Ethylene glycol monoethyl ether, the ethylene glycol 
monopropyl ether, Ethylene glycol monobutyl ether, propylene glycol monomethyl ether, The 
propylene glycol monoethyl ether, the propylene glycol monopropyl ether, The propylene glycol 
monobutyl ether, ethylene glycol monomethyl ether acetate, A polyhydric-alcohol derivative like 
ethylene glycol monoethyl ether acetate, propylene-glycol-monomethyl-ether acetate, and 
propylene glycol monoethyl ether acetate, an acetic acid, a fatty acid like a propionic acid, etc. 
can be mentioned. These organic solvents may be used independently, and two or more sorts 
may be combined and they may be used. About the amount used, it is used at a rate of the 
amount of 10-30 mol times to one mol of alkoxysilane. 

[0026] That with which consist of a solution which, on the other hand, uses the alkylene glycol 
dialkyl ether containing the acidolysis condensation product of trialkoxysilane as a solvent as 
inorganic [ SOG ], and the coat formation component after solvent removal indicates the 
increment in weight to be on the occasion of thermogravimetric measurement excels in a low 
dielectric constant and crack-proof nature and is desirable. 

[0027] After inorganic [ above-mentioned / SOG ] dissolves trialkoxysilane given in JP,9- 
137,1 21, A into the alkylene glycol dialkyl ether by 1 - 5% of the weight of concentration by Si02 
conversion, adds 2.5-3.0 mols [ per one mol of trialkoxysilane ] water to this solution and carries 
out hydrolysis condensation under existence of an acid catalyst, it is obtained by adjusting the 
alcohol content generated by the reaction in a reaction mixture to 15 or less % of the weight. 
[0028] In the above, it is because the interlayer insulation film of ladder structure is obtained to 
have made concentration of trialkoxysilane into 1 - 5 % of the weight by Si02 conversion. 
Irrespective of whether it is organic or it is inorganic, as described above by considering as 
ladder structure, the precise film is formed, and since a dielectric constant is low, it is desirable. 
[0029] as the above-mentioned trialkoxysilane — trimethoxysilane, triethoxysilane, a tripropoxy 
silane, and TORIPU — an ibis — a gardenia fruit run, a diethoxy mono-methoxy silane, a mono- 
methoxy dipropoxy silane, a dibutoxy mono-methoxy silane, ethoxy methoxy propoxysilane, 
mono-ethoxy dimethoxysilane, a mono-ethoxy dipropoxy silane, butoxyethoxy propoxysilane, 
dimethoxy mono-propoxysilane, diethoxy mono-propoxysilane, mono-butoxy dimethoxysilane, 
etc. can be mentioned, a compound practically desirable in these — trimethoxysilane, 
triethoxysilane, a tripropoxy silane, and TORIBU — an ibis — it is a gardenia fruit run and 
trimethoxysilane and triethoxysilane are desirable also in especially inside. 
[0030] Next, as a solvent, in order to raise preservation stability, it is required to use the 
alkylene glycol dialkyl ether. By using this thing, the hydroxyl group of the silanol generated in 
the decomposition reaction of the H-Si radical of thoria RUKOKISHINRAN and middle in the 
conventional approach using lower alcohol as a solvent can control the reaction permuted by the 
alkoxy group, and can prevent gelation. 

[0031] As this alkylene glycol dialkyl ether For example, ethylene glycol wood ether, ethylene 
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glycol diethylether, The ethylene glycol dipropyl ether, the ethylene glyqpl JIPUCHIRU ether, 
Diethylene-glycol wood ether, diethylene-glycol diethylether, The diethylene-glycol dipropyl 
ether, diethylene-glycol dibutyl ether, The dialkyl ether of alkylene glycol, such as propylene 
glycol wood ether, propylene glycol diethylether, the propylene glycol dipropyl ether, and 
propylene glycol dibutyl ether, can be mentioned. These desirable are the dialkyl ether, especially 
wood ether of ethylene glycol or propylene glycol. These organic solvents may be used 
independently, and two or more sorts may be combined and they may be used. About the amount 
used, it is used at a rate of the amount of 10-30 mol times to one mol of alkoxysilane. 
[0032] The water for hydrolyzing trialkoxysilane is required in order that using 2.5-3.0 mols in the 
amount within the limits of 2.8-3.0 mols preferably may raise whenever [ hydrolysis ] to one mol 
of trialkoxysilane. If too fewer than this range, although preservation stability will become high, 
whenever [ hydrolysis ] becomes low, the content of the organic radical in hydrolyzate increases, 
generating of gas takes place at the time of coat formation, and if many [ too ], preservation 
stability will worsen. 

[0033] Since the alcohol which is equivalent to an alkoxy group in hydrolysis of alkoxysilane 
surely generates even if it uses at least one sort which does not use alcohol for a solvent but is 
chosen from the alkylene glycol dialkyl ether, this alcohol to generate must be removed from the 
system of reaction. Specifically, it is required to remove alcohol to 8 or less % of the weight 
preferably 15 or less % of the weight among coating liquid. If the alcohol content remains * 
exceeding 1 5 % of the weight, a H-Si radical and the generated alcohol react, a RO-Si radical 
generates, a crack limitation falls, and gas will occur at the time of coat formation, and will cause 
the above mentioned trouble at it. 

[0034] as the removal approach of alcohol — a degree of vacuum — the approach of carrying 
out vacuum distillation for 2 to 6 hours at 50 - 200mmHg and the temperature of 20-50 degrees 
C is suitable preferably 30 to 300 mmHg. Thus, the obtained coating liquid is characterized on 
the occasion of thermogravimetric measurement (TG) by the coat formation component after 
solvent removal that the increment in weight is shown, and in that it does not have a peak in 
3000cm-1 in an infrared absorption spectrum. Weight reduction is shown on the occasion of 
thermogravimetric measurement, the case of conventional coating liquid, for example, coating 
liquid given in JP,4-216827,A, has a peak in the 3000cm- 1 neighborhood in an infrared 
absorption spectrum, and it is shown that the residual alkoxy group exists. As an interlayer 
insulation film, although it explained organic or inorganic [ SOG ] in full detail, as an interlayer 
insulation film which can be used in this invention, it is not limited to these. 

[0035] If the tabular processed material W with which the paint film explained above was formed 
in the front face is carried in in equipment, before lowering the rise-and-fall means 3, making the 
tabular processed material W approach the cool plate 2, introducing N2 gas in equipment further 
and the skin temperature of the tabular processed material W becoming 200 degrees C, the 
oxygen density in an ambient atmosphere is made 1% or less. 

[0036] Then, lower the rise-and-fall means 3 and the tabular processed material W is made to 
approach a hot plate 1, maintaining an oxygen density to 1% or less, and it heats until the skin 
temperature of the tabular processed material W becomes 400 degrees C or more. And 
temperature is made to descend after carrying out predetermined time continuation of this 
condition. At this time, the oxygen density in an ambient atmosphere is maintained to 1% or less 
until the skin temperature of the tabular processed material W lowers the temperature at 200 
degrees C. 

[0037] In addition, up, if it is in the example of illustration, a hot plate 1 may be conversely 

arranged, although the cool plate 2 has been arranged caudad. 

[0038] 

[Effect of the Invention] As explained above, it can prevent Si-CH3 association and Si-H 
association in a paint film going out, and becoming Si-OH, since the skin temperature of a 
tabular processed material reduced [ according to this invention ] the oxygen density in an 
ambient atmosphere to 1% or less in the condition 200 degrees C or more in having applied the 
low dielectric constant ingredient to the front face of tabular processed materials, such as a 
semiconductor wafer and a glass substrate, this, and forming a coat, and the coat of a low 
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dielectric constant can be obtained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) - (h) — copper DAMASHIN — drawing explaining the formation process of the 
multilayer-interconnection structure by law. 

[Dr^ The outline block diagram of the equipment used for operation of this invention 
[Description of Notations] 

1 [ — Tabular processed material. ] — A hot plate, 2 — A cool plate, 3 — A rise-and-fall 
means, W 
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DRAWINGS 



[Drawing 1] 
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